OBJECTIVE: Osteoarthritis (OA) most commonly affects the patellofemoral compartment of the knee, and is a major cause of pain and disability. Structural changes that evolve prior to the onset of symptoms can be visualised using magnetic resonance imaging (MRI). There is little known information about the role of adiposity on the early structural changes in the patella cartilage in younger, asymptomatic adult females. METHODS: One hundred and sixty asymptomatic women (20-49 years) participating in the Geelong Osteoporosis Study underwent knee MRI (2006-8). Weight and body mass index (BMI) were measured 10 years prior (1994-7, baseline) and at the time of MRI (current), with change over the period calculated (current-baseline). Relationships between measures of adiposity and patella cartilage volume and defects were examined. RESULTS: After adjustment for age and patella bone volume, there was a reduction of 13 ml (95% confidence interval (95% CI), À 25.7, À 0.55) in patella cartilage volume for every 1 unit increase in current BMI, and a reduction of 27 ml (95% CI À 52.6, À 1.5) per BMI unit increase over 10 years (P ¼ 0.04 for both). No significant association was observed between baseline BMI and patella cartilage volume (P ¼ 0.16). Increased baseline and current weight and BMI were associated with increased prevalence of patella cartilage defects (all Po0.001). CONCLUSIONS: Adiposity and weight gain during midlife are associated with detrimental structural change at the patella in young to middle-aged healthy non-osteoarthritic women. Maintaining a healthy weight and avoiding weight gain in younger asymptomatic women may be important in the prevention of patellofemoral OA.
INTRODUCTION
Osteoarthritis (OA) is a disease of the whole joint. Of the three knee compartments, the patellofemoral compartment is most commonly involved in OA, either in isolation or in conjunction with tibiofemoral disease. 1, 2 Patellofemoral OA is suggested as the more common source of symptoms, including pain and disability, compared with OA of the tibiofemoral compartment. 3 Patellofemoral OA is characterised by the progressive loss of cartilage, in conjunction with subchondral bone changes, and the presence of osteophytes.
Obesity is recognised as a key modifiable risk factor for knee OA in all compartments, including the patellofemoral joint. [4] [5] [6] However, there are few studies that examine the impact of measures of adiposity on knee structures pre-disease during early adulthood. Furthermore, there is a paucity of data that focuses specifically upon the patellofemoral joint, and associations with different measures of adiposity measured at different time points. It is imperative to study these relationships in younger age groups, as the morphological changes of joint structures, such as cartilage volume and defects, differ with ageing. 7 Similarly, the relationship of joint structure and measures of adiposity may differ in the patellofemoral joint predisease, compared with the tibiofemoral joint. 8, 9 The use of magnetic resonance imaging (MRI) enables visualisation of the knee structure on a continuum from the normal knee to one with OA, allowing preclinical and preradiographic disease to be examined. 9, 10 While cartilage volume loss is one of the hallmarks of OA, the presence of cartilage defects are evident earlier in the disease course, and the presence of defects predict increased cartilage loss. 11 Early structural changes in cartilage can be accurately and reliably quantified by MRI. For instance, the sensitivity and specificity for the detection of cartilage defects has been reported as 90%, when compared with arthroscopic results. 12, 13 We examined the relationship between measures of adiposity (weight and body mass index (BMI)) at baseline (10 years prior), current, and change in measures of adiposity over 10 years, with patella cartilage volume and prevalent cartilage defects, in healthy, population-based young to middle-aged women without clinical knee OA.
(GOS), recruited from Commonwealth electoral rolls for the Barwon Statistical Division (BSD), Australia, during 1994-97. 14, 15 Of the 352 women who were eligible for this study, based on the initial inclusion criteria of age range 29-49 years and resident within the BSD, 140 women (39.8%) could not be contacted, and 41 (11.6%) declined. As previously published, 8, 9 potential participants were excluded if any of the following were present: knee OA as described by American College of Rheumatology clinical criteria; 16 knee pain lasting 424 h during the previous 5 years (n ¼ 1); previous knee injury requiring non-weight-bearing treatment 424 h, or surgery (including arthroscopy) (n ¼ 18); a history of any form of arthritis as diagnosed by a medical practitioner (n ¼ 2); contraindication to MRI including pregnancy (n ¼ 2), pacemaker, metal sutures (n ¼ 1), presence of shrapnel or iron filings in the eye, or claustrophobia (n ¼ 5). An additional 246 women were recruited to the GOS in 2004-7 in the youngest age group of 20-29 years, 15 from which a further 18 women were recruited for this current study. Thus, 160 women were eligible to participate in this study. Radiographs were not performed. ). Change in weight and BMI over the 10-year study period were calculated by subtracting baseline measures from current measures.
Magnetic resonance imaging
MRI was performed at the 10-year follow-up of GOS on the dominant knee of each subject, defined as the self-selected lower limb that the subject used to kick a ball. Knees were imaged at Barwon Medical Imaging in the sagittal plane on a 1.5-T whole-body magnetic resonance unit (Philips, Geelong, VIC, Australia) using a commercial transmit-receive extremity coil. The following parameters and sequence were applied: a T 1 -weighted fatsuppressed three-dimensional gradient recall acquisition in the steady state; flip angle 551 degrees; repetition time 58 ms; echo time 12 ms; field of view 16 cm; 60 partitions; 512 Â 512 matrix; one acquisition time 11 min 56 s. Sagittal images were obtained at a partition thickness of 1.5 mm and an in-plane resolution of 0.31 Â 0.31 mm (512 Â 512 pixels).
The assessment of patella cartilage volume Patella cartilage volume (ml) was determined from the MR images using Osiris software (Geneva, Switzerland) on an independent workstation. The volumes of patella cartilage plates were isolated by manually drawing disarticulation contours around the cartilage boundaries. 17 These data were then resampled by means of bilinear and cubic interpolation (area of 312 and 312 mm and 1.5 mm thickness, continuous sections) for the final three-dimensional rendering. This methodology has been shown as adequate to measure the patella. 18 The intraclass correlation coefficient (ICC) is often used to assess the reproducibility of measurements made by a single observer in different occasions or by multiple observers measuring the same quantity; our intraobserver reliability (expressed as ICC) was assessed on 35 randomly selected MR images and was 0.98.
The measurement of patella bone volume
Contours were drawn around patella boundaries in the 1.5-mm thick images on a sagittal view. A single, trained reader measured all patella bone volumes, blinded to subject characteristics. Measures of patella bone volume were cross-checked by a second trained observer. The ICC for interobserver reliability was 0.99.
The assessment of patella cartilage defects Patella cartilage defects (0-4 scale) were graded on the MR images using the following classification system; grade 0 ¼ normal cartilage, grade 1 ¼ focal blistering and intracartilaginous low-signal intensity area with an intact surface and bottom, grade 2 ¼ irregularities on the surface or bottom and loss of thickness of o50%, grade 3 ¼ deep ulceration with loss of thickness of 450%, grade 4 ¼ full thickness chondral wear with exposure of subchondral bone. 19 A patella cartilage defect was identified as present if there was irregularity on cartilage surface with loss of cartilage thickness on at least two consecutive slices. The ICC for patella cartilage defects was calculated to determine the agreement of the two measurements of patella cartilage defect score. This was done for intraobserver and interobserver agreement separately. The ICC for intraobserver reliability was 0.94 for cartilage defects. Interobserver reliability was assessed in 50 MR images, and the ICC was 0.93. 19 
Statistical analysis
Multivariable linear regression was used to assess the relationship between baseline, current, and every 1 unit change in weight (kg) and BMI (kg m À 2 ) over the 10-year period (the latter accounting for baseline weight or BMI), with patella cartilage volume (ml). Baseline weight and change in body weight over time were not strongly correlated (r ¼ 0.046, P ¼ 0.59). Binary logistic regression was used to assess the relationship between baseline, current, and unit change in weight (kg) and BMI (kg m À 2 ) over the 10-year period with the odds of prevalent patella cartilage defects. All binary models were adjusted for age (years), patella bone volume (ml), and patella cartilage volume (ml). Interaction terms were checked for effect modification. Significance was set at Po0.05 and statistical analyses were performed using SPSS (Version 18.0; SPSS, Cary, NC, USA).
RESULTS
Characteristics of the study population (n ¼ 160) are presented in Table 1 . Mean patella cartilage volume was 3.01 ml ( ± 0.56). Forty participants (25%) had patella cartilage defects. Table 2 presents the relationship between baseline and current measures of adiposity (weight and BMI), and a 1 unit increase in these over the 10-year study period, and patella cartilage volume. In univariate analyses, a trend for a correlation between decreased patella cartilage volume and change in weight was observed (P ¼ 0.06). A significant association was seen for reduced patella cartilage volume and an increase in BMI over 10 years (P ¼ 0.03), and a similar pattern was observed for current BMI (P ¼ 0.05). After adjusting for age, patella bone volume and baseline weight, a reduction in patella cartilage volume of 10 ml for every weight increase of 1 kg over the preceding 10 years was observed ( À 10.4 ml, 95% confidence intervals, À 20.0, À 0.78, P ¼ 0.03). Neither baseline weight (P ¼ 0.70) nor current weight (P ¼ 0.18) were significantly associated with patella cartilage volume. Associations were also observed between decreased patella cartilage volume and current BMI with a reduction of 13 ml for every 1 kg increase in weight (P ¼ 0.04), and a reduction of 27 ml for every 1 unit change in BMI over time (P ¼ 0.04), accounting for baseline measures. No association was observed between cartilage volume and baseline BMI (P ¼ 0.16).
We also examined whether patella cartilage defects were associated with weight and BMI measured at baseline, current and a 1-unit increase over the 10-year period (adjusting for baseline weight or BMI) ( Table 3) . In univariate analyses, the presence of patella cartilage defects was associated with baseline and current weight (P ¼ 0.001 and Po0.001, respectively). These relationships remained significant after adjustment for age and patella bone volume (both P ¼ 0.002), and also when further adjustment was made for cartilage volume. No associations were observed between cartilage defects and change in weight. Similar results were observed for the association between BMI and patella cartilage defects (Table 3) .
DISCUSSION
This study showed that after adjustment for age and patella bone volume, a reduction in patella cartilage volume was associated with higher current BMI and increase in BMI and weight over 10 years in young to middle-aged healthy women without clinical knee OA. No significant association was seen between cartilage volume and weight or BMI at baseline (10 years prior). Increased baseline and current weight and BMI were associated with increased prevalence of patella cartilage defects, independent of age, patella cartilage and bone volume. These data suggest that adiposity and weight gain is detrimental to knee cartilage even in younger asymptomatic women.
We report that measures of adiposity have a positive association with cartilage defects. Similar observations have been reported in populations of older women (mean age of 57 years), whereby baseline and current measures of adiposity were associated with patella cartilage defects. 10, 18 Furthermore, our data show an increase in weight over the preceding 10 years was associated with reduced patella cartilage volume; an association plausibly explained by reduced cartilage volume resulting in decreased activity levels, which then has a role in the increase in BMI. However, our current study did not show an effect of weight 10 years prior on cartilage volume. This may be because the current study examined a younger population, with limited exposure to increased measures of adiposity. 20 This is an important point, given that structural changes associated with knee OA are likely to develop over many years, and as a result of a lifetime's exposure to a sustained risk factor, such as increased measures of adiposity. Cartilage defects have been considered one of the earliest cartilage changes detectable by MRI with changes in cartilage volume occurring further down the disease pathway of OA. The relationship between measures of adiposity, knee OA and cartilage defects will thus be evident at an earlier age (or when disease process is less advanced), whereas its relationship with cartilage volume may take longer to develop to the stage that it is visible on MRI. Once a relationship is seen with weight in the past, this represents the effect of cumulative exposure: any change in weight over a relatively brief period of time adds a relatively minor incremental increase in risk that may be difficult to demonstrate in a study such as this one.
We also report that measures of adiposity are associated with reduced patella cartilage volume. Previous studies have suggested that the maintenance of an ideal body weight reduces the risk of the onset of knee OA. 5 It is possible that the avoidance of weight gain in early adulthood may aid in maintaining patellofemoral joint health and thus reduce the likelihood of developing patellofemoral OA in the future. However, the mechanisms for this association between measures of adiposity and patella cartilage are not fully understood, 21 and there may be many factors contributing to this association. For instance, biomechanical factors are likely to be important as higher body weight significantly increases the forces transmitted through the patella and its cartilage. 21 Although, increased forces on the knee joint as a result of increased obesity may not necessarily have a negative impact on cartilage, unless physical activity levels also decrease. 22, 23 Metabolic factors may also be important, as adipose tissue produces many pro-inflammatory cytokines and adipocytokines that are thought to have a role in the pathogenesis of OA. For example, leptin and interleukin 6 (an inflammatory cytokine) have been associated with reduced cartilage volume; both of which have been associated with obesity. 24, 25 Odds ratio of patella cartilage defects per 1 unit increase in BMI, adjusted for age and bone and cartilage volume.
f Odds ratio of patella cartilage defects per 1 unit increase in BMI change, adjusted for age, bone and cartilage volume and baseline BMI. Bold face represents significant P values and results associated with these P values are represented by italic.
Our study has some limitations. While this study was able to examine the relationship between weight gain and knee structure, we were unable to determine the role of fat mass or fatfree mass upon structure. Furthermore, our power to examine the relationship between change in BMI and knee structure was limited, as few subjects lost weight, and the age of weight gain over the 10 years of the study varied within the group. We speculate that the magnitude of observed associations between BMI and change in BMI on knee structure may have been underestimated because the current mean BMI of the sample was 1.4 kg m À 2 less than subjects who were not included (Po0.001). In this study, patella cartilage was assessed at one time point; studies examining the longitudinal changes in patella cartilage volume and defects will be needed for to confirm the findings. The strengths of this study are the objective measurements of adiposity obtained 10 years prior to the measurement of patella cartilage volume and defects. This is the first study in asymptomatic, young to middle-aged women that examines the relationship between change in BMI over a 10-year period and patella knee structure as measured by MRI.
Our findings suggest that measures of adiposity in young adults and increasing measures over time are associated with a detrimental effect on patella cartilage. Whether the impact of measures of obesity and weight gain on knee structure at different stages of life on knee structure is reversible with weight loss warrants further investigation.
